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!5 ' Abstract 

It is shown that we cannot put Majorana neutrinos in the standard 

^ ■ Dirac theory without violation of the gauge invariance. Experiments on 

^ ; ui l{l = fi^r) transitions do not confirm this supposition. It means 

i that on neutrino oscillation experiments, the Majorana neutrino oscilla- 

cn ■ tions cannot be observed. 
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At present, it is supposed [1, 2] that the neutrino oscillations can be 
connected to Majorana neutrino oscillations. This idea is based on sug- 
gestion that the neutrinos are the Majorana ones i.e. that the standard 
weak interactions theory includes only these neutrinos. Let us come to 
proof that it leads to contradictions in the theory and is not confirmed 
on experiments. 

2. Majorana Neutrino Oscillations 

Majorana fermion in Dirac representation has the following form [1, 
3, 4]: 

x'' = lm^)+ic^''{^)], (1) 
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where r]c is a phase, C is a charge conjunction, T is a transposition. 

From Exp. (1) we see that Majorana fermion has two spin projec- 
tions zt|; and then the Majorana spinor can be rewritten in the foUowing 
form: 

x'^(^) - ( ) . 

The mass Lagrangian of Majorana neutrinos in the case of two neutrinos 
Xej X^l components of Majorana neutrinos and x... are the same Ma- 
jorana fermion with the opposite spin projection) in the common case 
has the following form: 



XfJ-Xe AM 




(3) 



By diagonalizing this mass matrix by standard methods, one obtains the 
following expression: 

V - . ( m^^ ^ \ ( ^1 = cosOxe - s^n9x^l 



(4) 

These neutrino oscillations are described by standard expressions (see 
[1,4,5]. 

The standard theory of weak interactions is constructed on the base 
of local gauge invariance of Dirac fermions. In this case, Dirac fermions 
have the following lepton numbers which are conserved, / = e, /U, r, 
and Dirac antiparticles have lepton numbers with the opposite sign / = 
-k. 

Gauge transformation of Majorana fermions can be written in the 
following form: 

X+\{.x) = exp{-i(3)x+i{x), x! -\{.x) = exp{+if])x-^ix). (5) 
Then, lepton numbers of Majorana fermions are 

^'' = E/f(+l/2) = -E^f(-l/2), (6) 
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i. e., antiparticle of Majorana fermion is the same fermion with the 
opposite spin projection. 

Now, we come to discussion of the problem of the place of Majorana 
fermion in the standard theory of weak interactions [6]. 

In order to construct the standard theory of weak interactions [7], 
Dirac fermions are used. In this theory, the fermions are present as 
doublets. The local current j^'^ of the weak interaction has the following 
form: 

r = ^LT'r^L. (7) 

where are lepton doublets 

where i is flavor number of leptons. If we consider the process transition 
of neutrino to corresponding lepton, we will get the following reaction: 

1^1 + A{Z) ^ r + A{Z + 1) (9) 

The absence of contradictions in this theory with the experimental data 
(see [8]) confirms that all fermions are Dirac particles. 

Now, if we want to put the Majorana fermions into the standard 
theory, we must take into account that, in the common case, the gauge 
charges of the Dirac and Majorana fermions are different (especially well 
it is seen in the example of Dirac fermion having an electrical charge 
since it cannot have a Majorana charge) . In this case we cannot just 
include Majorana fermions in the standard theory of weak interactions 
by gauge invariance manner. Then, in the standard theory the Majorana 
fermions cannot appear. 

In spite of above arguments, if we put Majorana neutrinos in the 
standard theory; then on experiments we must see the following reac- 
tions: 

Xi + AiZ)^l- + AiZ + l) 
with relative probability 1/2 and 

XI + AiZ) ^ /+ + AiZ - 1) 
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with the same relative probabiUty (where x = e,fi,T), since Majorana 
neutrinos are superpositions of Dirac neutrinos and antineutrinos. Ob- 
viously, all the available experimental data [8] do not confirm this pre- 
dictions; therefore we cannot consider this mechanism as a realistic one 
for neutrino oscillations. 

3. Conclusion 

It was shown that we cannot put Majorana neutrinos in the standard 
Dirac theory without violation of the gauge invariance. Experiments on 
vi ^ l{l = e^fi^r) transitions do not confirm this supposition. It means 
that on neutrino oscillation experiments the Majorana neutrino oscilla- 
tions cannot be observed. 
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